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Abstract

Eating and anxiety disorders are more prevalent in females, increase during adolescence, and are
associated with early pubertal development. This study examined whether timing of puberty onset
is associated with disordered eating and anxiety in a large sample of post-pubertal male and female
undergraduate students. Self-report questionnaires assessed timing of puberty, disordered eating,
anxiety, alcohol use, personality, and sensation seeking. Females scored significantly higher on
measures of disordered eating (binge eating, dietary restraint, eating concerns, and weight and shape
concerns) and anxiety (state and trait anxiety) than did males. In addition, early maturing women
and men scored significantly higher on measures of disordered eating and anxiety than on-time or
late maturing women and men. Measures of alcohol use, sensation seeking, and personality
characteristics differed in males and females but did not vary with pubertal timing. Findings suggest
that early puberty is associated with disordered eating and anxiety, and this association may be due
to an organizational effect of pubertal hormones. Despite important differences in body fat
composition, both males and females experiencing early puberty had an increased incidence of
disordered eating. The fact that early puberty was associated with increased eating and anxiety
symptoms in both sexes suggests that puberty may influence these symptoms through both biological
and psychosocial mechanisms.
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INTRODUCTION

The incidence of disordered eating increases dramatically at puberty and rarely occurs in
prepubertal individuals (Hayward et al., 1997; American Psychiatric Association, 2000). In
addition, puberty onset marks a developmental shift in the relationship between biological and
environmental influences on disordered eating. Twin studies demonstrate that genetic
influences on disordered eating increase, while environmental factors decrease, during puberty
(Klump et al., 2000, 2003; in press). Finally, both disordered eating and anxiety disorders,
which are frequently comorbid with disordered eating, are more common in females than in
males (Lucas et al., 1991; American Psychiatric Association, 2000). These prevalence patterns
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suggest a possible role for pubertal neuroendocrine changes in the etiology or expression of
disordered eating and anxiety symptoms.

Pubertal increases in circulating sex steroids could influence psychological symptoms through
either activational (i.e. transient or reversible) and/or organizational (i.e. permanent or long
lasting) mechanisms. At puberty, testosterone increases in boys, and estradiol and progesterone
begin to be secreted cyclically in girls. These increases in circulating steroids directly modulate
psychology and behavior, including measures of eating behavior and anxiety. Circulating
estrogen levels correlate with overall levels of disordered eating in women (Klump et al.,
2006) and inhibit food intake in rodents (reviewed by Geary, 2001; Eckel, 2004). In addition,
circulating steroids act organizationally on adolescent brain development, permanently altering
psychological traits and behavior. In particular, the absence of steroid hormones during
adolescence alters a variety of adult sexually dimorphic behaviors in animal models (reviewed
by Sisk et al., 2003; Romeo, 2003; Sisk & Zehr, 2005; Schulz & Sisk, 2006). These findings
led us to examine how pubertal hormones might influence human adolescent brain
development, which is a protracted process that spans more than a decade (Gogtay et al.,
2002). The animal literature suggests that the potential for hormone-dependent organization is
greater in the adolescent brain than in the adult brain (Sisk & Zehr, 2005; Schulz & Sisk,
2006), leading to the prediction that in humans, the timing of pubertal increases in steroid
hormones relative to the degree of brain maturation will contribute to individual differences
in adult psychological characteristics and behavior.

During adolescence, pubertal timing and the onset of pubertal neuroendocrine events are
associated with the relative risk for psychopathology in girls and boys (Graber et al., 1997,
2004, Ge et al., 2001, Kaltiala-Heino et al., 2003a, 2003b). For example, degree of pubertal
development in early adolescent girls predicts disordered eating one year later (Keel et al.,
1997). In addition, 12 year-old girls symptomatic for eating disorders have greater breast and
pubic hair development than do nonsymptomatic girls of the same age (Killen et al., 1992,
1994, 1996), and postpubertal adolescent girls report higher levels of disordered eating than
their prepubertal same-aged peers (Koff & Rierdan, 1993). Furthermore, both adolescent girls
and boys who mature earlier than their peers have a higher incidence of bulimic behavior
compared to girls and boys who mature on time or later (Kaltiala-Heino et al., 2001). Similar
to disordered eating behavior, adolescent girls who are more physically developed show a
higher incidence of panic attacks (Hayward et al., 1992). However, because subjects in these
studies vary in degree of pubertal development, these studies can not distinguish between
transient activational effects of steroids on disordered eating and anxiety symptoms and long-
term organizational effects of pubertal steroids on psychological development.

If steroids influence adult behavior via organizational effects, then one would predict that
individual differences based on pubertal timing would still be observable long after the
completion of puberty. More specifically, since organizational effects depend on the timing of
hormone exposure and cause long-lasting or permanent changes in brain and behavior, changes
due to hormone exposure earlier in development will remain in adulthood.

The current study tested whether the timing of puberty influences disordered eating and anxiety
in young adults, consistent with an organizational effect of steroids. In this study, young adult
participants were asked to report whether pubertal milestones, such as breast development in
women or facial hair growth in men, were achieved earlier than, at a time similar to, or later
than their peers. Early, on-time, and later maturing post-pubertal women and men were then
compared to determine whether pubertal timing was associated with a variety of psychological
traits in young adulthood, including disordered eating, anxiety, personality, sensation seeking,
and alcohol use. These were chosen to include measures that are linked to pubertal development
(disordered eating, anxiety) or adolescent behavior (sensation seeking, alcohol use) and
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measures that are not linked to puberty (personality). Finding no association between pubertal
timing and psychological traits in young adulthood would suggest that gonadal hormones do
not have organizational effects, while a significant association between pubertal timing and
psychological measures in young adulthood would be consistent with the hypothesis that
gonadal hormones have organizational effects on these symptoms during adolescence.

The initial sample included 750 female (age range = 17-36 years, M = 19.35, SD = 1.60) and
750 male (age range = 18 — 32 years, M = 19.77, SD = 1.75) undergraduate students at a large
Midwestern university. Due to missing data (see below), the final sample of participants
included 717 women and 643 men who responded to measures of pubertal development.
Participants were recruited from introductory psychology courses and received course credit
for their participation. All research was approved by the institutional human subjects review
board. The majority (81.5%) of all participants reported a Caucasian ethnic background. The
remaining participants reported African American (6.2%), Asian (6.0%), Hispanic (2.9%),
Native American (0.2%), Pacific Islander (0.6%), or “other” (2.7%) ethnic backgrounds.
Socioeconomic status (SES), assessed by parental income, was largely in the middle-to-upper
level income classes. Specifically, 83.7% of male participants and 82.7% of female participants
reported parental income greater than $40,000/year. Participants who were currently or
previously married (2.6% of the sample) were not included in the assessment of SES since
parental income was likely not an adequate proxy for their SES.

Participants completed all measures electronically as part of the University’s on-line volunteer
research pool. Questionnaires obtained demographic information as well as information on
pubertal development, disordered eating, anxiety, personality, sensation seeking, and alcohol
use. With the exception of pubertal development measures (see below), missing data was
addressed using a prorating system. Participants with missing data that constituted less than
10% of the responses within a scale received a prorated score for that scale. Participants missing
more than 10% of responses were dropped from analyses of that scale. In total, less than 2.1%
of scores on measures of disordered eating, anxiety, personality, sensation seeking, and alcohol
use were coded as missing in both the male and female samples.

Demographic Questionnaire

A general demographic questionnaire collected information on age, ethnicity, marital status,
parental income, height, and weight.

Pubertal Development

Participants retrospectively answered questions on pubertal development using a modified
version of the Pubertal Development Scale (PDS; Petersen et al., 1988). The original version
of the PDS is used with adolescents to assess current pubertal development of a variety of
secondary sex characteristics. With permission from the authors (A. Petersen, personal
communication, May 19, 2006), we designed a modified version of the PDS to retrospectively
assess timing of pubertal development in post-pubertal adults. Participants reported whether
their pubertal development occurred much earlier than others (1), somewhat earlier (2), about
the same time (3), somewhat later (4), much later (5), or they did not know. For female
participants, six aspects of pubertal development were assessed, including onset of menses,
breast development, growth spurt, appearance of body hair (axial and pubic), skin changes
(e.g., acne), and overall development (i.e., “In general, do you think your development was
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any earlier or later than most other girls?”). For male participants, seven aspects of pubertal
development were assessed: appearance of facial hair, voice changes, growth spurt, appearance
of body hair (axial and pubic), skin changes including acne, spontaneous erections, nocturnal
emissions and overall development. Responses (1-5) were summed for the 6 aspects of
development in women and 7 aspects of development in men to create a total score of pubertal
development and a continuous measure of pubertal timing.

For most response items, participants recalled the timing of pubertal development relative to
their peers. However, two response items produced a large number of missing responses, timing
of body hair appearance for females and occurrence of nocturnal emissions for males. Although
individuals vary in the timing and duration of pubertal changes, different aspects of pubertal
development progress in a fairly standard manner. Thus, missing scores on these two items
were replaced with the average score from the remaining 5 items for females and 6 items for
males. Individuals who were missing data, as a result of skipping an item or responding “don’t
know”, to any other item on the pubertal development scale were excluded from analyses. This
resulted in final sample sizes of 717 females and 643 males with pubertal development scores
(95.6% and 85.7% of the initial sample respectively). Within this final sample, 10% of females
(73 of 717) received prorated scores on the timing of body hair, and 30% of males (193 of 643)
received prorated scores on the timing of nocturnal emissions. Quartiles for the summed total
score of pubertal development were used to categorize early (lowest quartile, n= 218 women,
n=180 men), on-time (middle two quartiles, n=304 women, n=291 men), and late (highest
quartile, n=195 women, n=172 men) pubertal timing.

Although previous studies have demonstrated that perception of pubertal timing relative to
peers is highly correlated with actual pubertal timing (Dubas et al., 1991; Graber et al.,
1997), participants were also asked to report specific ages of pubertal developmental markers
(e.g. facial hair growth or breast development). With the exception of age at menarche, the
majority of female and male participants did not recall specific ages for pubertal developmental
markers. For those women who did recall age at menarche, categorization based on the
continuous pubertal development score corresponded well with categorization of pubertal
timing based on normative data in a Western society (Kaltiala-Heino, et al., 2003b).

The original PDS (Petersen et al., 1988) showed good psychometric properties. In previous
studies (Petersen et al., 1988), internal consistency of the PDS was adequate (o = 0.76 to 0.83
in adolescent girls; o = 0.68 to 0.78 in adolescent boys). In addition, findings have shown that
the PDS correlates highly (r = 0.61 — 0.67) with physician ratings of pubertal development
(Brooks-Gunn et al., 1987) as well as with interviewer ratings (median r = 0.70; Petersen et
al., 1988). The modified version of the PDS also demonstrated good psychometric properties.
In this study, the modified PDS demonstrated good internal consistency (o = 0.80 in women;
a = 0.84 in men), suggesting that participants were consistent in their retrospective reports of
several pubertal development markers. The modified measure also demonstrated excellent test-
retest reliability (r = 0.87 for females; r = 0.83 for males) in a subset of our participants (n =
110 females; n = 70 males) who were re-administered the modified PDS 2—6 weeks (average
time = 19 days) after the initial administration.

Disordered Eating

Two questionnaires were used to assess disordered eating: the Eating Disorder Examination
Questionnaire (EDE-Q; Fairburn & Beglin, 1994) and the Binge Eating Scale (BES; Gormally
et al., 1982). The EDE-Q (Fairburn & Beglin, 1994) contains four subscales that examine
Eating Concerns (i.e., preoccupation with food, eating in secret, and guilt about eating),
Restraint (i.e., restraint over eating, avoidance of eating), Shape Concerns (i.e., desire for a flat
stomach, importance of body shape, and fear of gaining weight), or Weight Concern (i.e.,
importance placed on weight, dissatisfaction with weight, and desire to lose weight). Each of
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the EDE-Q items asks about attitudes and behaviors over the last 28 days and is rated on a 7-
point scale, where higher scores denote higher levels of the specified disordered eating
behavior. The BES (Gormally et al., 1982) is a 16-item self-report questionnaire designed to
assess binge eating in terms of behavioral (e.g., eating in secret, eating quickly, overeating until
feeling nauseous) and emotional (e.g., feelings of guilt or lack of control) manifestations of a
binge. Participants select the response that best describes their eating attitudes and behaviors
from a series of differently weighted statements, ranging from 0 to 3. A total score is computed
by summing the weights for each of the 16 items. A high score on the BES scale suggests more
severe binge eating problems. Previous research has demonstrated good reliability and validity
for the EDE-Q (Black & Wilson, 1996; Fairburn & Beglin, 1994; Luce & Crowther, 1999) and
the BES (Gormally et al., 1982). In the current study, internal consistencies were good for all
E-DEQ subscales (o = 0.82 — 0.92 for female sample; o = 0.79 — 0.89 for male sample) and
the BES total score (o = 0.89 for female sample; o = 0.88 for male sample).

Body Mass Index

Anxiety

Body Mass Index (BMI) frequently varies with disordered eating (e.g. Erol et al., 2006). Thus,
participants’ BMI (body weight (kg) divided by height squared (m?)) was calculated from self-
reports of body weight and height. Previous studies have indicated that self-reported height
and weight are valid and reliable measures of actual height and weight (Stunkard & Albaum,
1981; Palta et al., 1982). Since BMI significantly correlated with disordered eating variables
in the present study (r’s = 0.13-0.27; p’s <0.001) but was not a dependent variable of interest,
BMI was included as a covariate in analyses of disordered eating.

The State-Trait Anxiety Inventory (STAI; Spielberger et al., 1983) assessed anxiety in
participants. The STAI is a self-report measure containing separate scales for state (i.e.
transitory and temporary dispositions, how one feels “right now” or “at this moment”) versus
trait anxiety (i.e. stable and enduring dispositions, how one feels “in general™). Previous
research has documented the reliability and validity of both STAI scales (Spielberger et al.,
1983). In addition, internal consistencies were excellent for both State (o = 0.92 for male
sample; a = 0.93 for female sample) and Trait (a = 0.90 for male and female samples) anxiety
subscales.

Personality Characteristics

The 50-item International Personality Item Pool (IPIP; Goldberg, 2001; Goldberg et al.,
2006) was used to assess personality characteristics: Extroversion, Agreeableness,
Conscientiousness, Emotional Stability (considered the opposite of Neuroticism), and Intellect.
Each item included a phrase describing people’s behaviors (e.g., “I am the life of the party”)
and was rated on a 5-point scale ranging from very inaccurate (1) to very accurate (5). The
IPIP scales relate strongly to the dimensions of personality assessed by the NEO Five Factor
Inventory (NEO-FFI; Costa & McCrae, 1992) and Eysenck Personality Questionnaire —
Revised Short Form (EPQ- R Short Form; Eysenck et al., 1985) which are two leading
personality questionnaires (Gow et al., 2005). The IPIP scales demonstrated good internal
consistency in previous research (Goldberg, 2001; Gow et al., 2005) as well as in the current
study (o = 0.74 — 0.85 for male sample; . = 0.76 — 0.87 for female sample).

The Sensation Seeking Scale Form V (SSS-V; Zuckerman et al., 1978) was used to assess

dimensions of sensation-seeking on four subscales. The subscales, each comprised of 10 forced
choice items, include Boredom Susceptibility (i.e., assesses one’s dislike towards repetitions
of experience and restlessness when things are unchanging), Disinhibition (i.e., assesses levels
of social disinhibition in regards to drinking, sex, and partying behaviors), Experience Seeking
(i.e., assesses the desire to engage in novel experiences and an unconventional lifestyle), and
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Thrill and Adventure Seeking (i.e., assesses the desire to engage in physical activities involving
elements of speed or danger). A total overall sensation seeking score is computed by summing
across the four subscales. The Disinhibition, Thrill and Adventure Seeking, and Total Score
have shown good internal consistency and 3-week test-retest reliability (Zuckerman, 1979),
whereas the Experience Seeking and Boredom Susceptibility subscales have demonstrated
somewhat lower reliability (Zuckerman, 1979). Similar to previous studies, internal
consistencies were adequate for the Disinhibition subscale (o = 0.72 for female sample; o =
0.69 for male sample), Thrill and Adventure Seeking subscale (o = 0.77 for female sample;
a = 0.73 for male sample), and overall Total Score (a = .80 for female sample; o = 0.76 for
male sample) in this study, but low for the Experience Seeking and Boredom Susceptibility
subscales (all a’s < 0.56). As a result, Experience Seeking and Boredom Susceptibility
subscales were not further analyzed in the present study.

The Alcohol Use Disorders Identification Test (AUDIT; Saunders et al. 1993a, 1993b) assessed
recent alcohol use (e.g., “how often do you have a drink containing alcohol?”), alcohol
dependence symptoms, and alcohol related problems (e.g., “have you or someone else been
injured as a result of your drinking?”). The total score on the AUDIT reflects extent of alcohol
involvement on a broad continuum of severity. The AUDIT has been shown to accurately detect
alcohol dependence in university students (Fleming et al., 1991) and screens for potentially
hazardous drinking behaviors (Bohn et al., 1995). AUDIT scores also correlate well with
measures of drinking consequences, attitudes towards drinking, vulnerability to alcohol
dependence, reasons for drinking, and negative mood states after drinking (Bohn et al.,
1995). Internal consistency for the AUDIT total score was good for both the male and female
samples in this study (o = 0.83 for female sample; o = 0.84 for male sample).

Statistical Analysis

RESULTS

Statistical analysis investigated the relationship of sex and pubertal timing to responses on
questionnaires. Analysis of covariance (ANCOVA) tested measures of disordered eating for
main effects of timing (early, on-time, and late puberty) and sex (male, female) with BMI as
a covariate. This analysis factors out the correlation of BMI with disordered eating measures
and tests for remaining relationships among sex and pubertal timing on variables of interest.
The EDE-Q eating concern subscale had a positively skewed distribution and was log
transformed before analysis, however figures and tables for this subscale include the
untransformed means for ease of interpretation. For measures of anxiety, personality
characteristics, and alcohol use, relationships between timing (early, on-time, and late puberty)
and sex (male, female) were analyzed using analysis of variance (ANOVA). Tukey HSD post-
hoc tests were used to follow-up significant main effects of pubertal timing. A p < 0.05 was
considered significant in all analyses.

Measures of disordered eating differed across both pubertal timing and sex (Table 1). In
general, individuals who matured early had higher scores than did individuals who matured
on-time or late. Specifically, early maturing individuals had significantly higher levels of EDE-
Q dietary restraint, more shape concerns, and more weight concerns as well as a trend towards
significantly more eating concerns than on-time or late maturing individuals (Figure 1, Table
1). Furthermore, females had significantly higher scores than males across all EDE-Q
measures, indicating more eating concern, more dietary restraint, more shape concern, and
more weight concern. None of the EDE-Q subscales showed an interaction of pubertal timing
and sex (Table 1). Scores on the BES questionnaire showed a remarkably similar pattern of
results (Figure 1, Table 1). Early maturing individuals had significantly higher BES scores
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than on-time individuals (Tukey HSD, p<0.05) as well as a trend towards significantly higher
scores than late individuals (Tukey HSD, p= 0.06), and females had significantly higher BES
scores than did males.

Measures of anxiety also varied with both pubertal timing and sex (Table 1). Participants who
matured early had significantly higher scores on measures of both state anxiety and trait anxiety
than did participants who matured on-time (Figure 2, Table 1). In addition, females scored

significantly higher than males in measures of both state and trait anxiety (Figure 2, Table 1).

Measures of personality, sensation seeking, and alcohol use showed expected sex differences,
but did not vary based on pubertal timing (see Table 2). Scores on IPIP extroversion,
agreeableness, and conscientiousness items were significantly higher in females than in males
(Table 2). Scores on IPIP emotional stability, characterized as the opposite of neuroticism, and
intellect items were significantly higher in males than in females. Across all sensation seeking
measures, males had significantly higher scores than did females (Table 2). Scores on the
AUDIT, a survey designed to assess alcohol use, were also significantly higher in males than
in females.

DISCUSSION

This study suggests that early puberty is associated with long-term risk for disordered eating
and anxiety. Specifically, young adults who characterized themselves as maturing early relative
to their peers had significantly higher scores on measures of disordered eating and trait anxiety
than did individuals who characterized themselves as maturing on-time or late. Pubertal timing
did not relate to measures of alcohol use, personality, or sensation seeking in young adults.
Thus, the relationships of pubertal timing were specific to disordered eating and anxiety rather
than generalized to sexually dimorphic psychological traits.

During puberty, circulating gonadal steroids increase in boys and girls. These steroid hormones
could act through activational and/or organizational mechanisms on disordered eating behavior
to produce differences between prepubertal and postpubertal individuals during the transition
to reproductive maturity. In particular, estradiol correlates with both food intake (Gong et al.,
1989; Lyons et al., 1989; Buffenstein et al., 1995; Dye & Blundell, 1997) and disordered eating
symptoms (Lester et al., 2003; Klump et al., 2006; Edler et al., 2007), demonstrating an
activational effect of steroids on eating behaviors. Thus, adolescent girls in a more advanced
pubertal stage, with concomitantly higher levels of reproductive hormones, have higher levels
of disordered eating than adolescent girls in a less advanced pubertal stage (Killen et al.,
1992, 1994, 1996; Koff & Rierdan, 1993; Kaltiala-Heino et al., 2001). If the developing
adolescent brain is also sensitive to organizational effects of hormones, then differences based
on the timing of puberty onset and steroid hormone changes would be predicted to continue
well after puberty is complete, into young adulthood. This study demonstrates that young adult
men and women who mature early score higher on measures of disordered eating symptoms
than on-time and later maturing men and women, a finding that is consistent with an
organizational effect of pubertal steroids. Since activational and organizational actions of
steroids are not mutually exclusive, both may contribute to disordered eating symptoms.
Animal models have also demonstrated that steroid hormones have activational effects on food
intake (reviewed by Asarian & Geary, 2006), but animal studies are still needed to demonstrate
whether pubertal steroid hormones have organizational effects on feeding behavior.

Early puberty may influence later behaviors via hormone-dependent remodeling of the
adolescent brain. During adolescence, synaptic connections and neural circuits are still
remarkably plastic. For example, neuron number in the prefrontal cortex differs in adolescent
and adult rats (Markam et al., 2007), and neurons of the medial amygdala differ in structure
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among pre-, mid-, and late adolescent male hamsters (Zehr et al., 2006). Furthermore,
adolescent rodents show differential responsiveness to anxiogenic situations, which is directly
related to different effects of neurosteroids on cell excitability in adolescents and adults (Shen
et al., 2007). In humans, there are dramatic adolescent decreases in the percentage of gray
matter in frontal and temporal lobes (reviewed in Lenroot & Giedd, 2006), brain regions which
are linked with disordered eating behavior (Uher & Treasure 2005) and anxiety (Garakani et
al., 2006). The amygdala, which is a potential site for estrogen modulation of feeding behavior
(Geary, 2001), is sensitive to circulating steroids (e.g. Jasnow et al., 2006), shows steroid-
dependent neurogenesis (Fowler et al., 2005), and develops novel neuronal connections during
adolescence (e.g. Cunningham et al., 2002). The human amygdala also undergoes structural
and functional changes over adolescent development (Giedd et al., 1996; Killgore et al.,
2001), and in early and late maturing individuals, the amygdala would therefore be intercepted
by steroid hormones at different developmental stages. Since the product of the interaction
between hormones and the changing amygdala likely depends on when the interaction occurs,
this potential mechanism could account for the observed effects of early puberty on disordered
eating symptoms.

Interestingly, early puberty had a similar relationship to disordered eating and anxiety in males
and females, even though pubertal gonadal hormone secretions differ. While circulating
reproductive hormones increase sharply during puberty in both males and females, adolescent
testes primarily secrete testosterone while adolescent ovaries secrete estrogen and
progesterone. Since testosterone is metabolized in the brain to estrogen, one possibility is that
the early adolescent brain is sensitive to estrogen in both males and females. Alternatively,
steroid hormones may act on the adolescent brain via different mechanisms in men and women.
Gonadectomy increases food intake in female rodents but decreases food intake in male rodents
(reviewed in Asarian & Geary, 2006), indicating that circulating steroids have opposite effects
on feeding behavior in males and females. Furthermore, in females, estradiol levels negatively
correlate with meal size (Asarian & Geary, 2006) and directly regulate total food intake (Wade,
1975; Varma et al., 1999). In contrast, testosterone acts in males not on meal size but on meal
frequency (Gentry & Wade, 1976; Chai et al., 1999). Thus the neural circuits involved in eating
behavior may be sensitive to the effects of endogenous steroids in both males and females,
even though specific mechanisms affecting eating behavior may differ.

Alternative mechanisms, more peripheral or psychosocial in nature, could also account for the
relationship between early puberty and disordered eating observed in this study. The timing of
puberty onset is associated with a variety of factors, including prenatal variables, early
childhood experiences, nutrition, social class, physical environment, and genetic background
(Parent et al., 2003; Ong et al., 2006; van den Berg, et al., 2006; van Weissenbruch &
Delemarre-van de Waal, 2006), any of which might in turn mediate the link between early
puberty and disordered eating. In particular, increased body size and/or childhood obesity could
lead to both an earlier onset of puberty (e.g. Frisch & Revelle, 1970) and some forms of
disordered eating in adults, as being overweight in childhood is a documented risk factor for
bulimia nervosa (Haines & Neumark-Sztainer, 2006). However, recent prospective studies
show that adult BMI is explained solely by prepubertal body mass rather than by early menarche
(Mustetal., 2005). In the current study, we used adult BMI as a covariate in analyses of pubertal
timing. Since prepubertal and adult BMI are highly correlated (Must et al., 2005), this covariate
not only removes variance due to adult BMI from the analysis but also acts as a proxy for
prepubertal BMI.

A second explanation for the pubertal increase in disordered eating is based on social pressures
to attain a thin, lean, body type. In developing girls, adiposity increases dramatically with
changes in reproductive hormone secretion. The social pressure hypothesis posits that in social
and societal contexts valuing thinness, the pubertal increase in adiposity in turn results in
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increased disordered eating symptoms. In fact, early maturing girls do have greater body
dissatisfaction and worse body image, which likely stem from pubertal changes in body
composition (Koff & Rierdan, 1993; Siegel et al., 1999; Ohring et al., 2002; McCabe &
Ricciardelli, 2004). The results of the present study do not conflict with this explanation in
women. However, in contrast to girls, Western societal ideals for the male body type favor lean
muscle mass and athletic builds. In developing boys, increases in testosterone increase lean
muscle mass. Since this change in body composition matches that of the social and societal
ideals, this psychosocial explanation would predict that early maturing boys would be the least
likely to display disordered eating. In this study, early maturing males, like early maturing
females, showed the highest levels of disordered eating, contradicting this common
explanation. Evidence for relationships between early pubertal timing and other psychosocial
mediating variables, including self-esteem and self-consciousness (Graber et al., 1997), has
also not been found in males. Indeed, in previous research, males who mature late relative to
their peers reported more self-consciousness and greater psychosocial problems than males
who mature on time (Graber et al., 1997). In the current study, males maturing late did not
differ from those maturing on-time in disordered eating. Thus, psychosocial explanations based
onsocietal ideals for body type do not fully account for the relationship between pubertal timing
and disordered eating in women and men. It is most likely that disordered eating results from
a complex interaction of both psychosocial and biological factors, an idea which is further
supported by examining the incidence of disordered eating across cultures and history (Keel
& Klump, 2003). Although the results of this study are consistent with an organizational effect
of hormones on disordered eating and anxiety, the use of a retrospective, self-report of pubertal
timing and cross-sectional study design limits our ability to draw firm conclusions about the
exact mechanisms relating pubertal timing and young adult psychological characteristics.

Anxiety traits were also associated in this and previous studies with early puberty onset. In
previous studies, both adolescent boys and girls with very early menarche or oigarche (first
ejaculation) have higher anxiety than do boys and girls with typical onset of menarche and
oigarche (Kaltiala-Heino et al., 2003b). Anxiety and disordered eating are highly comorbid,
have a shared familial transmission (Keel et al. 2005), and are thought to share a common
etiology. Thus, it is perhaps not surprising that both disordered eating and anxiety were
associated with early puberty. However, a shared etiology would also suggest that interactions
between pubertal steroids and anxiety should be investigated further.

In contrast to disordered eating and anxiety, other sexually dimorphic traits such as alcohol
use, personality measures, and sensation seeking did not vary with pubertal timing in young
adults. Substance use and sensation seeking increase at puberty, with postpubertal individuals
engaging in higher levels of the behaviors than prepubertal individuals (Martin et al., 2002;
Lanza & Collins, 2002; Patton et al., 2004; Chung et al., 2005; Burt et al., 2006; Costello et
al., 2007). However, this study found no evidence that early puberty onset has a long-term
relationship to the expression of these behaviors in adulthood. In addition, studies have found
conflicting results on how these behaviors vary with circulating steroid levels. For example,
measures of sensation seeking have been found to be negatively associated with estradiol levels
in women (Balada et al., 1993), positively correlated with testosterone in men (Aluja &
Torrubia, 2004; Aluja & Garcia, 2005), or found not to vary with testosterone in either sex
(Rosenblitt et al., 2001). Thus, influence of steroids, through either organizational or
activational mechanisms, on alcohol use, personality measures, or sensation seeking remains
to be fully elucidated.

In summary, studies of disordered eating and anxiety related behaviors have traditionally
dichotomized social and biological influences on their development. While this study is not
consistent with some psychosocial theories of etiology of disordered eating in adolescents
(namely that of increased adiposity and body image at puberty), the most likely explanation
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for the development of disordered eating or anxiety related symptoms is one which
encompasses many different dimensions of development. Individuals with different genetic
compositions will necessarily differ in pubertal timing, hormone levels, metabolic rate, and
personality type; thus genes predispose an individual to experience a particular biological or
social environment (Scarr & McCartney, 1983). Likewise, direct physiological influences on
psychological traits are expressed within a social and physical environment. This study
demonstrates that early puberty onset puts both men and women at risk for disordered eating
and anxiety symptoms. Whether hormones act directly, by organizing neural circuits or
synaptic connections, or indirectly by altering the social interactions of adolescents, the timing
of pubertal maturation alters psychological traits over the long term. Since the associations of
pubertal timing with psychological traits were specific to disordered eating and anxiety, these
findings suggest that these psychological symptoms are particularly influenced by the
interaction of physical development and experience that occur during adolescence.
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Figure 1.

Scores on the Eating Disorder Examination Questionnaire (EDE-Q) and Binge Eating Scale
(BES) varied with both sex and timing of pubertal onset. Across EDE-Q subscales and the
BES, females had higher scores than did males. Furthermore, early-maturing individuals,
whether male or female, scored highest on all measures of disordered eating. No measures had
a significant interaction between pubertal timing and sex, and all measures used body mass
index (BMI) as a covariate in the analysis. Significant differences between females (F) and
males (M) and between early (E), on-time (OT), and late (L) maturers are indicated in the
figure. Analyses are based on 171-173 early maturing men, 278-284 on-time maturing men,
165-169 late maturing men, 208-212 early maturing women, 293-299 on-time maturing
women, and 187-190 late maturing women.
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Scores on the State-Trait Anxiety Inventory (STAI) varied with both sex and timing of pubertal
onset. On both state and trait subscales, females had higher scores than did males. In addition,
early-maturing individuals, whether male or female, scored highest on anxiety measures.
Significant differences between females (F) and males (M) and between early (E), on-time
(OT), and late (L) maturers are indicated in the figure. Analyses are based on 180/179 (State/
Trait) early maturing men, 288 on-time maturing men, 172 late maturing men, 217 early
maturing women, 300/301 on-time maturing women, and 193 late maturing women.

Horm Behav. Author manuscript; available in PMC 2008 November 1.



Page 17

Zehr et al.

“uawidolanap euaqnd a1e] pue ‘awi-uo ‘Aj1es YlIM Sajewa) pue safell Ussmlag Alalxue pue Builes paispJosip JO S|aAs] Ueall 40 suosLedwod 10} SONSNels 158 |

NIH-PA Author Manuscript

a|qealddy 10N=V/N ‘700'0>d

X¥¥

T00>d"

¥
‘50'0>d
*

‘01°0>d
4

“T 8InbB14 Ul pajuasald ae SUOIRIASP PIEPURIS PUE SUBSIA ‘810N

(STET D) TT°0

*ﬁm._”ma AEINS

WIET 1) ¢0'1Ee
STET 1) LT'¢8

XXX

(PvE€T '2) €20 L\WPEL C) ey s TPET T) CL'SC V/N ApIXuY Nl — V1S
(vveT 2) 820 OVET 2) B85 E LOVEL 1) 86€ VIN TeIXUY 9181S — IV 1S
(S621'2) 620 1\ 36CTC) 09°G o (IOCT 1) 9L'9ET e IOCT T) ECOV 9]eas bue3 abulg
(y1€1'2) L2°0 oy VIEL C)OLY L WIELT) £V 85 U1B2U0D 1YBIIM — O-3A3

(STET'T) 0597
XX

rensey — O-3a3

(€TET '2) 60°0

*ﬁm.ﬁmﬁ ¢) 98¢

(ETET 1) 98°LEE
XX

(ETET'T) 66'0S
XX

ulaouo) adeys — O-3a3

(¥1€T 2) 670

[(PIET 01 69°¢

(FIET 1) €C'8Y1
X

(FIET'T) 9S'¥¢
XX

uI8du0 bunes - O-3a3

(1P "1p) 5 uonoes1u|

(4P "4p) 4 burwi |

Up Ip) 4 X8S

Up 1p)d 1INF

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Horm Behav. Author manuscript; available in PMC 2008 November 1.



Page 18

Zehr et al.

100>d
XNK
‘10" >d
*¥
'50°>d
x
Solella
o (2v°0) 692 (8€°0) ov'L (¥7°0) 802 sa[elN
(6€€T '2) LE'T (6€€T 27) 8T°0 e BEET 'T) BTH9 (050) €26 (8€°0) ¥5°0T (67°0) ¥9°0T s [0Y0d|V - LIANY
So|ella
o (ev0) 05°6T (ve0) v5'8T (ov°0) 2881 sa[elN
(TEET '2) 60°T (TEET ‘2) 250 e TEET T VCTS (9v°0) LT'TZ (se°0) vE'TZ (5v°0) 87'1Z 1005 [EJ0L BUI{adS UONESUIS — SSS
EEIENEE]
o (87°0) 699 (s1°0) €€°9 (ZT0) 809 saelN
(TET '2) 890 (TvET '2) €9°C e TVET 'T) G281 (02°0) v1'L (ST'0) /89 (67°0) ¥6'9 Buniaas aImuaApy pue ||y L — SSS
o (81°0) ¥8'Y (sT0) 9% (1T0) €6V
(1281 '2) ¥0'C (L2€1'2) 150 e LEET TV ELL2 (0z'0) 1€'S (sT0)€L'S (617°0) 65'S
Sojella
o (ev'0) 9v9e (e€'0) 8E'9€ (6€°0) 8€'9€ Sa[elN
(V€T '2) €20 (EVET '2) ¥E'0 e EVET 'T) ZEWT (yv°0) v8'LE (re0) 1€°28 (ev'0) 2Ll 199]193u] — didI
Sojella
o (es0) LLvE (ev'0) SLvE (6v°0) LTvE Sa[elN
(PveT '2) 81T (rvET ‘2) 020 o PPET T) 179 (550) 86'2€ (ev'0) 6E'€E (¥5'0) v vE UOISI9N0AIXT - didl
Solella
o (e5°0) 56'82 (ev'0) €962 (05°0) 06'L2 sa[elN
(rveT '2) 822 (rveT '2) 89°C mi@«ﬂ 1) 10211 (95°0) 2€72¢ (ev'0) 95°€E (¥5'0) Gv'ee Auigels feuonows - didl
So|ella
o (1v°0) €5TE (ec0) 08'TE (8e°0) s0°ze saeN
(rvET '2) 020 (vvET ‘2) 550 e TPET TV ST'TE (ev°0) 1862 (e€°0) Se0g (ev'0) vO'0E SSAUSNONUBISUOD — dIdI
Sa|ewla
o (or°0) 6'T¥ (ce0) vy (8€°0) 0TV sa[elN
(SveT '2) SE'T (SET '2) 60'T e SVET 'T) 98E9 (7'0) €5'8€ (£€'0) 05'8€ (¢v'0) 55'6€ $SaU3|geasiby — did|
[CXRE]
£9z = U aye] 'PIS) UBSI| 0Z¥ = U dWIL UO 192 = u AjJeg
(1p ‘1p) 4 uonoeJBIU| (4P '4p) 4 Butwi L (Ip '4p) 4 xS Uil [exsqnd

quawdolanaq |enagnd e1e] pue ‘sWi] uQ ‘AJJe3 pey oym USLIOAA PUB USIA J0) SN 80UBISqNS pue ‘BUIXaas UoIesuas

NIH-PA Author Manuscript

NIH-PA Author Manuscript

¢ dlqel

NIH-PA Author Manuscript

AlleUOSIad Ul S8dUBIBYIQ UesN

Horm Behav. Author manuscript; available in PMC 2008 November 1.



